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RELATIVE  TOXICITY  OF  CANDIDATE  MOTHPROOFING 
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ABSTRACT 


The  relative  toxicity  of  a  candidate  uniform  mothproofing  impregnant 
haxadacylpyridinium  chloride  (HPC)  was  investigated  using  mice,  rats,  guinea 
pigs,  rabbits  and  humans  with  the  following  findings: 

a.  The  technical  grade  compound  and  aqueous  solutions  of  1.0  percent 
concentration  (w/v)  or  greater  caused  skin  irritation  in  rabbits. 

b.  Eye  irritation  in  rabbits  resulted  from  single  24-hour  application 
of  a  0.1  percent  (w/v)  aqueous  solution  but  no  irritation  resulted  from 

a  0.01  percent  (w/v)  solution. 

c.  The  skin  irritating  properties  of  hexadecylpyridinlum  chloride 
in  guinea  pigs  prevented  the  determination  of  the  sensitization  potential 
of  this  compound  in  comparison  with  dinitrochlorobenzene. 

d.  Chronic  ingestion  jsd  libitum  of  a  diet  containing  300  ppm 
hexadacylpyridinium  chloride  for  90  days  caused  minimal  changes  in  rats. 

a.  Cloth  impregnated  with  0.5  percent  (w/w)  hexadecylpyridinlum 
chloride  and  applied  continuously  to  the  shaved  skin  of  rabbits  for  90 
days  produced  no  remarkable  degree  of  skin  irritation  or  evidence  of 
potential  toxic  hazard. 

f«  A  prophetic  patch  test  on  humans  of  wool  fabric  impregnated 
with  hexadecylpyridinlum  chloride  at  a  concentration  of  0.5  percent  by 
weight  produced  no  evidence  of  skin  irritation,  or  sensitization. 

g.  Under  the  conditions  of  impregnation  specified,  HPC  should 
not  present  a  hazard  when  used  as  a  mothproofing  compound  in  wool  fabric 
at  a  deposition  of  0,5  percent  (w/w).  Since  the  weight  of  wool  fabric 
to  be  used  has  not  been  specified  it  is  Impossible  to  estimate  the  degree 
of  safety. 
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RELATIVE  TOXICITY  OF  CANDIDATE  MOTHPROOFING 
UNIFORM  IMPRECNANT  liEXADECYLPYRIDINIUM  CHLORIDE 
SPECIAL  STUDY  NO.  33-4-68/71 
NOVEMBER  1967-DECEMBER  1969 


1.  REFERENCES. 

a.  Latter,  Stored-Product  Insacts  Resaarch  and  Development  Laboratory, 
US  Dapartmant  of  Agricultura,  Savannah,  Georgia,  dated  7  August  1967, 

to  this  Agency. 

b.  Letter,  Harris  Research  Laboratories,  Washington,  D.  C,,  dated 
18  September  1967,  to  this  Agency. 

c.  Procedural  Guide  for  the  Toxicology  Division,  US  Army  Environmental 
Hygiene  Agency,  1968  (revised  1969). 

d.  SOP  for  Patch  Tasting,  US  Army  Environmental  Hygiene  Agency, 

12  October  1962. 

2.  PURPOSE.  The  purpose  of  this  study  was  to  acquire  information 
concerning  the  toxicity  of  hexadacylpyridinium  chloride  (HPC)  in  man  and 
animals.  This  information  provides  a  basis  for  advising  on  possible 
hazards  associated  with  the  use  of  this  compound  as  a  mothproofing  agent 

at  a  concentration  of  0.5  percent  by  weight  in  the  wool  fabric  of  uniforms. 
The  weight  of  the  woolen  fabrics  in  which  the  candidate  compound  is 
ultimately  to  be  used  is  not  stated  in  the  request  for  toxicologic 
clearance  (ref  para  la) . 


USAEHA-MT  Rel  Toxicity  of  Candidate  Mothproofing  Uniform  Impregnant, 

Study  No.  33-4-68/71,  Nov  67-Dec  69 

3,  BACKGROUND.  The  proposed  mothproofing  chemical  UPC  submitted  was 
a  white  crystalline  solid,  produced  by  Eastman  Organic  Chemicals, 

Catalog  No,  P  5361,  Samples  of  the  wool  fabric  impregnated  with  this 
compound  at  a  deposition  of  U.5  percent  by  weight  were  supplied  for 
testing  by  Uarris  Research  Laboratories,  Washington,  D.  C,,  a  contractor 
for  the  US  Department  of  Agriculture,  Savannah,  Georgia  (ref  para  lb). 
Harris  Research  Laboratories  also  provided  untreated  wool  fabric  and 
fabric  which  had  been  treated  with  a  sodium  tetraborate  (borax)  solution. 
The  treatment  of  the  fabric  with  HPC  was  carried  out  by  soaking  wool 
fabric  in  aqueous  solutions  (pH  9,2)  containing  the  mothproofing  chemical 
and  0,01M  sodium  tetraborate. 

4,  SUMMARY  OF  FINDINGS,  The  relative  toxicity  of  HPC  was  investigated 
by  this  Agency  using  mice,  rats,  guinea  pigs,  rabbits  and  humans.  No 

data  were  found  which  Indicated  a  potential  toxicologic  hazard  from  wearing 
of  uniforms  impregnated  with  0.5  percent  (w/w)  HPC.  An  infrared  spectrum 
of  the  technical  grade  compound  evaluated  by  USAEHA  is  found  in  Appendix  A, 
Definitions,  abbreviations,  oymbols  and  clinical  chemistry  reporting 

units  used  in  this  report  are  found  in  Appendix  B.  Numerical  data  found 
in  the  Appendices  are  expressed  in  terms  of  the  mean  plus  or  minus  one 
standard  deviation  (X  +  S») .  Statistical  significance  selected  in  this 
report  is  at  the  .01  level.  All  regression  lines  were  fitted  by  the 
method  of  least  squares.  A  tabular  presentation  of  toxicity  data  follows: 
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5.  DISCUSSION. 

a.  The  technical  grade  compound  and  aqueous  solutions  of  1,0  percent 
or  greater  of  HPC  ware  shown  to  cause  primary  skin  irritation  in  rabbits. 

These  solutions  and  the  technical  grade  compound  should  be  handled  with 
care,  wearing  eye  and  skin  protective  equipment.  Since  there  was  no 
difference  between  the  skin  irritation  in  the  control  animals  and  the 
rabbits  wearing  cloth  impregnated  with  HPC  and  treated  with  artificial 
eccrine  sweat,  it  would  appear  that  simulated  sweat  does  not  leach  the 
HPC  from  the  cloth  in  a  form  that  causes  topical  effects, 

b.  The  relative  hazard  from  accidental  chronic  ingestion  of  HPC 
does  not  appear  to  be  great  although  some  biologic  action  was  evident  in 
female  rats  fed  moderately  low  dietary  levels  of  300  ppm  and  in  male  rats 
fed  800  ppm.  These  levels  produced  increases  in  caecum-to-body  weight 
ratios  and  a  slight  decrease  in  total  number  of  caecal  microorganisms. 

Female  rats  seem  to  be  slightly  more  sensitive  to  dietary  levels  of  HPC 
than  male  rats.  A  positive  correlation  of  0,8  between  levels  of  HPC  and 
increase  in  caecum-to-body  weight  ratios  was  found  both  in  females  and 
males  (Figure  1)  which  indicates  a  similar  dose  response  relationship  in 
both  sexes  to  the  compound. 

c.  The  animal  laboratory  toxicity  data  and  the  results  from  a  prophetic 
patch  test  in  man  indicate  HPC  impregnated  in  wool  cloth  at  0,  5  percent 
(w/w)  would  present  little  potential  hazard  to  man  under  the  conditions  of 
evaluation. 

6.  CONCLUSION,  Under  the  conditions  of  impregnation  specified,  HPC  should 
not  present  a  hazard  when  used  as  a  mothproofing  compound  in  wool  fabric  at 
a  deposition  of  0,5  percent  (w/w).  Since  the  weight  of  wool  fabric  to  be 
used  has  not  been  specified  it  is  impossible  to  estimate  the  degree  of  safety. 
Skin  and  eye  contact  with  the  technical  grade  compound  or  with  aqueous 
solutions  of  1.0  percent  or  greater  should  be  avoided.  In  the  event  solution 
of  HPC  or  the  technical  grade  compound  should  come  in  contact  with  the  skin 
or  eyes  it  should  be  washed  off  with  copious  amounts  of  water. 
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APPENDIX  B 

GLOSSARY  OF  RECURRING  DEFINITIONS,  ABBREVIATIONS,  SYMBOLS  AND  CLINICAL 
CHEMISTRY  REPORTING  UNITS  USED  BY  THE  TOXICOLOGY  DIVISION,  USAEHA 

Definitions  of  medical  terms  and  abbreviations  used  in  this  report  are 
in  agreement  with  the  New  Gould  Medical  Dictionary,  Second  Edition, 
published  by  the  Blaklston  Division  of  McGraw-Hill  Book  Company,  Inc. 
Statistical  terms  and  abbreviations  are  in  agreement  with  those  found 
in  J,  Maxwell  Little's,  An  Introduction  to  the  Experimental  Method,  1961, 
Burgess  Publishing  Company,  Minneapolis,  Minn.  The  following  terms  and 
abbreviations  are  either  not  found  in  the  above  references  or  have  been 
modified  to  fit  the  special  purposes  of  this  report.  Some  of  the  items 
have  been  included  below  for  special  emphasis. 

DEFINITIONS 

WORD  DEFINITION 

Acute  Exposure  or  Application  One  exposure  to  exogenous  test  material 

for  no  longer  than  8  hours.  Animals 
are  normally  observed  for  14  days 
after  exposure. 

Approximate  Lethal  Dose  In  range  finding  the  first  dose  of  the 

lowest  series  of  three  ascending  doses 
(each  being  50%  higher  in  concentration 
than  the  previous)  all  of  which  produce 
fatalities. 

Caraway  Unit  That  amount  of  amylase  activity  which 

causes  the  hydrolysis  of  10  mg  of  starch 
in  30  minutes  at  37°C  to  a  stage  at  which 
there  is  no  absorbance  at  660  mp  after 
reaction  with  iodine. 

Chronic  Exposure  Repeated  daily  or  constant  exposure  to 

a  test  material  for  60  or  more  days. 

Post  exposure  observation  period  will 
vary. 
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WORD 

Garry  &  Routh  Unit 

Hazard  Evaluation 

Karmen  Unit 

Primary  Irritation 

Skin  Sensitizer 
Subacute  Exposure 

Technical  Grade  Compound 

Wacker  Unit 


DEFINITION 

That  amount  of  cholinesterase  activity 
which  causes  the  liberation  of  one 
micromole  of  SH  groups  from  acetylthio- 
choline  in  3  minutes  at  37*C  per  milli¬ 
liter  of  serum,  plasma  or  packed  red 
cells  or  per  gram  tissue. 

A  study  performed  to  estimate  the 
degree  of  danger  associated  with  the 
use  of  a  material  under  specified 
conditions  of  use. 

That  amount  of  transaminase  activity 
which  causes  at  25°C  and  340  njp  a 
decrease  in  optical  density  of  0.001 
per  minute  per  milliliter  of  serum. 

A  local  inflammatory  reaction  of  the 
skin,  produced  by  a  compound,  which 
does  not  produce  destruction  or  irre¬ 
versible  change  at  the  site  of  contact. 

A  compound  which  produces  an  allergic 
dermatitis  under  the  conditions  of  test. 

Repeated  daily  or  constant  exposure  to 
a  test  material  for  no  longer  than  59 
days  or  less  than  2  days.  Post  obser¬ 
vation  period  will  vary. 

As  produced  by  the  manufacturers  for 
their  commerical  compound;  definition 
dependent  upon  manufac:urers '  criteria. 

That  amount  of  dehydrogenase  activity 
which  causes  an  increase  of  optical 
density  at  340  raji  of  0.001  per  minute 
per  ml  of  serum  at  25°C. 
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ABBREVIATION 

ACh 

AChE 

ALD 

antiChE 

BUN 

ChE 

CNS 

df 

DNCB 

Hb 

ia 

im 

ip 

IR 


iv 

LD5, 

LDH 


meq 

p  '<  .01 


ABBREVIATIONS  AND  SYMBOLS 
MEANING 
acetylcholine 
acetylcholinesterase 
approximate  lethal  dose 
anticholinesterase 
blood  urea  nitrogen 
cholinesterase 
central  nervous  system 
degree  of  freedom 
dinit rochlorobenzene 
hemo glob in 
intra-arterial 
intramuscular 
intraperitoneal 
infrared 
intravenous 
median  lethal  dose 
lactic  dehydrogenase 
milliequi valent 

The  probability  of  the  change  from 
normal  or  control  being  due  to  chance 
alone  is  less  than  1  out  of  100. 


22 


USAEHA-MT  R*1  Toxicity  of  Candidate  Mothproofing  Uniform  Impregnant, 
Study  No.  33-4-68/71,  Nov  67-Dec  69 


ABBREVIATION 
pc 
ppm 

P.E.C.  200 

SCOT 
SGPT 
sc 

SD  or  (S-) 

SE  or  (SE-) 
v/v 
w/v 
w/w 

CLINICAL  CHEMISTRY  TEST 

Serum  amylase 

Acetylcholinesterase 

Blood  urea  nitrogen 

Blood  glucose 

Cholinesterase 

Lactic  dehydrogenase 

Serum  glutamic  oxaloacetic 
transaminase 

Serum  glutamic  pyruvic 
transaminase 

Serum  protein 
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MEANING 
percutaneous 
parts  per  million 

polyethylene  glycol  having  a  modal 
molecular  weight  of  200 

serum  glutamic  oxaloacetic  transamina 

serum  glutamic  pyruvic  transaminase 

subcutaneous 

standard  deviation 

standard  error 

volume- to-volume  ratio 

weight-to-volume  ratio 

weigh t-to-weight  ratio 

REPORTING  UNITS 

Caraway  Units 

Garry  and  Routh  Units 

Milligrams  per  100  cc's  of  serum 

Milligrams  per  100  cc's  of  serum 

Garry  and  Routh  Units 

Wacker  Units 

Karmen  Units 

Karmen  Units 

Grans  per  100  cc's  of  serum 
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APPENDIX  C 

EVALUATION  OF  SKIN  REACTIONS 


Erythema  and  Eschar  Formation 

No  erythema  0 

Very  alight  erythema  (barely  perceptible)  1 

Well  defined  erythema  2 

Moderate-to-severe  erythema  3 

Severe  erythema  (beet  redness  to  slight 
eschar  formation)  4 

Edema  Formation 

No  edema  0 

Very  slight  (barely  perceptible)  1 

Slight  edema  (edges  of  area  well  defined 
by  definite  raising)  2 

Moderate  edema  (edges  raised  approximately 
1  mm)  3 

Severe  edema  (raised  more  than  1  mm  and 
extending  beyond  area  of  exposure)  4 


An  individual  irritation  score  is  equal  to  the  sum  of  the  scores  for 
edema  formation  and  erythema  and  eschar  formation. 
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APPENDIX  D 

SCAIE  FOR  NUMERICAL  SCORING  CF  INJURY  TO  RABBIT  SKIN  WHEN 
DETERMINING  NON- IRRITATING  CONCENTRATION 


SKIN  INJURY 

OteERVAftON  SCORE 

No  reaction  0 

Slight  capillary  injection  1 

Strong  capillary  injection  2 

Slight  erythema  3 

Strong  erythema  U 

Slight  edema  5 

Strong  edema  6 

Slight  necrosis  8 

Strong  necrosis  10 
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APPENDIX  E 

TABULATION  OF  TOXICITY  DOSES* 


-! 


VA? 

LI0US  ROUTES  OF  ADMINISTRATION 

Commonly 

Used  Terms 

LDjjg  Single 

Oral  Dose  Rats 

Inhalation  4-Hr  Vapor 
Exposure  Mortality 

2/6  -  4/6  Rats 

B9H 

Highly  toxic 

50  mg/kg  or  less 

100  ppm  or  less 

43  mg/kg  or 
less 

Toxic 

51-500  mg/kg 

101-1000  ppm 

44-350  mg/kg 

Moderately 

Toxic 

501-5000  mg/kg 

1001-10,000  ppm 

351-2800  mg/kg 

Slightly 

Toxic 

5001-15,000  mg/kg 

10,001-100,000  ppm 

2801-22,600 

mg/kg 

Practically 

Non-toxic 

above  15,000  mg/kg 

>  100,000  ppm 

above  22,600 
mg/kg 

*  Adapted  from  Hodge,  H. 
Association  Quarterly, 


C.  and  Sterner,  J.  H.  American  Industrial  Hygiene 
10:4,  93,  December  1943. 


26 


USALihWfl  'lei  Toxicity  of  Candidate  Mothproof in)*  Uniform  Inprepnnnt,  Stuev  Jo.  ai-4-C8/71,  ..ov  t*7-hec  (jJ 


1 


v> 

H 

S 


>4 

5 


< 

H 

< 

a 

u 

C-  '  J 

r  o 
< 
>•  to 

a  o 
a  a 


a* 


a 


-j  a  :z 

c-  <  a  c 

O-  H  4  M 

<  U  H 


>’  a 
<  v. 
a 

i  O 
D  U 
7N 


U. 

c 


n:  a 
a 
tn  oo 

y 

> 

y 

a 

u  E 

2  gj 

y 

•h  a 

a  a 


*J  «-» 

c  0 
y  u 

a 

o 

-T 

125 

>  w 

« 

• 

-*  c 

a 

» 

a 

a 

O  0 
to  CJ 

VO 

M 

>. 


a 

? . 

w 

T3 

«8 

ii 

K-l 

•-4 

\ 

■3 

<1 

*8 

<8 

U 

u 

U 

3 

CO 

w 

o 

0 

u 

<*4  g 

u 

u 

0  ii 

>-/ 

a 

3 

u 

n 

•* 

C  e>0 

c 

■H 

<8 

<8 

•*4  >-/ 

o 

<1  /-x 

u 

u 

•1 

■*4 

W.TJ 

c 

C 

cc  >. 

a 

V 

M-4 

••4 

*3 

n 

u  C 

u  3 

M 

a  3 

*4 

U 

.2  ^ 

-4 

«  V) 

3 

a 

cc  w 

r~* 

-4  C 

*J 

4-1 

•*4 

3  O 

3 

c 

O  W 

4J 

5  u 

5 

r» 

5  e 

3 

v4 

>  TJ 

w> 

vs 

c  u 

•o 

*o  o 

C 

i: 

rj  3 

y 

o  o 

n 

<8 

y  *u 

v 

.O  Vfc4 

u 

u«  c  r 


*  All  rats  fed  a  diet  containing  5,000  and  10,000  ppm  UPC  died  within  three  weeks  after  initiation  of  the  test 
**  Significantly  different  at  the  #01  level  of  probability# 
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APPENDIX  C 

FORMULATION  OF  ARTIFICIAL  (F.CCRIUE)  SWEAT* 


Urea 

1.  72 

Glycine 

0.20 

Glucose 

0.03 

Lactic  acid 

2.50 

NaCl 

1.75 

KC1 

0.22 

:ai  OH 

4 

Sufficient  to  adjust 

gtn/1 

It 


n 


fi 


fl 


II 


to  pH  5.0 


*This  formulation  includes  all  constituents  described  by  Rothman,  S. 
(Physiology  and  Biochemistry  of  Skin,  University  of  Chicago  Press, 
1954)  as  present  in  sweat  at  a  concentration  of  3  mg/100  cc  or  more. 
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USAEUA-.MT  Hal  Toxicity  of  Candidate  Mothproofing  Uniform  Impregnent, 

Study  No.  3J-4-08/  71,  Nov  t»7-Doc  6*3 

APPENDIX  1 
TAULE  7 

90-UAY  APPLICATION  OF  IMPREGNATED  CLOTH  TO  SHIN  OF  KAHUITS 

_ _ _ DRAIN  CHOLINLSTERASL  ACTIVITY _ 

Drain 

Cholinesterase 

Typ«  Application  Activity 

■>'ool  cloth  (4  x  IS  Inches)  54,1 

treated  with  sodium  tctra-  +  7.6 

borate  applied  to  Intact 
skin  of  6  rabbits 

loot  cloth  (4  x  15  Inches)  68.5 

treated  wlch  sodium  tetra-  ±18.6 

borate  applied  with  2.0  ml 
sweat  to  abraded  skin  of 
5  rabbits 

fool  cloth  (4  x  15  Inches)  58.4 

Impregnated  with  0,5’.  (w/w)  ±11*17 

IIPC  applied  to  Intact  skin 
of  6  rabbits 

7ool  cloth  (4  x  15  Inches)  59.5 

Impregnated  with  0.54  (w/w)  ±20.5 

UPC  applied  with  2.0  ml  sweat 
to  auradad  skin  of  o  rabbits 

CONTROLS 

Nothing  applied  (cage  controls)  by ,0 

8  rabbits  ±12.6 

Untreated  wool  cloth  (4  x  15  Indies)  53.6 

applied  to  Intact  skin  of  9  raublts  +11.5 

Untreated  wool  cloth  (4  x  15  Indies)  64,1 

applied  with  2.0  ml  sweat  to  abraded  jfl6,9 

skin  of  J  rabbits 
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.  ••ITnaCt 

(he  relative  toxicity  of  a  candidate  uniform  notliproof lnp  lupregnant  hexadecy Ipyrldlniin 
chloride  was  investigated  using  rice,  reta,  guinea  pigs,  rabbits  and  t.unani  ’  UI.  the 
f».llowln?>  flndlnpsi 

a.  I'se  technical  grade  compound  and  aqueous  solutions  of  l,<  percent  concent  rat  Ion 
lw/vi  or  greater  caused  skin  irritation  In  rabbits. 

eye  irritation  In  rebuilt  resulted  from  single  2A-l»Our  application  of  s  si  percent 
>•  vj  aqueous  solution  but  no  Irritation  resulted  from  a  -sdl  percent  l  w  /  v  *  sclutlou, 

c  f*.e  salt*  irritetln  properties  of  nexadecy lpyrldmlwa  u.  lor  Ida  In  guinea  M,  s 
prevented  the  dsterelnatlc-.i  of  l  a  aanaltlaat^on  potential  rt  this  compound  in 
cospar l ten  with  dlnltrochlorobtnsena. 

hro.il  c  ingestion  ad  libitum  of  a  ulei  containing  i-><  ppm  <ex«decy Ipyrldl.u  ie 
.  series  for  *<  days  vluted  tsYslsia  1  >  i*.iges  la  rats. 

*.  uiht  ■  impregnate*  ait«  a.  >  percent  n/wi  hexcdecy  ipyrldint'^r  oulcrUe  e>  d  spplui 
cwnttnudcsly  to  the  enaeeu  skin  wt  rabbits  for  >,->  days  ^reduced  /a,  innarxa^ls  .agree 
(l  i»h.  irritation  ot  evident*  wt  potential  uiti  •  -aa.ud, 

f.  t  prophetic  pate  <  cast  e*<  lumans  ..•«  vwol  f  i«iU  t  ••preg  •.  i*  ,  .it  ..«««» *•>»  ir.  r  t  ..-i  - 
l a  .  .iwrl  <•  at  »  co.,ceotratlw«  j.  .Tcrcc^t  etc  .t  *r>-;a«ei  g.rt'.,«  it 

tliiiitt  ui  r  se  iiuhdu  i. 
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Para  13,  DD  Form  1473  cont 

g.  Under  the  conditions  of  impregnation  specified,  UPC  should 
not  present  a  hazard  when  used  as  a  mothproofing  compound  in  wool  fabric 
at  a  deposition  of  U.5  percent  (w/w) .  Since  the  weight  of  wool  fabric 
to  be  used  has  not  been  specified  it  is  impossible  to  estimate  the  degree 
of  safety. 
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